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Abstract
The presence of nitrates and nitrites in drinking water is one of the major concerns for the risk assessment of
population exposure. This study refers to the risk exposure of the Fărcașa inhabitants to the nitrate and nitrites in wells
water. This locality has been designated as vulnerable to nitrate pollution originated from agriculture and in this context,
24 households with fountains settled downstream of the manure piles have been investigated. The data resulted by
establishing the daily chronic intake (DCI) and the hazard index (HI) led to the conclusion that the risk associated to the
fountain water ingestion is acceptable.
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1. Introduction
Water represents an important support of life
and its quality influence the health state of the
consumers. A significant indicator for the quality of
potable water from groundwater is represented by
the nitrates (NO3-) and nitrites (NO2-) contents. The
nitrates can get into the groundwater that feeds the
wells, by infiltration of the nitrogen compounds
used in agriculture or originated from the manure
piles etc [4, 1].
The drinking water is subjected to various
legislative provisions like the European Directive
91/676/EC that establishes measures for water
protection against the pollution due to the nitrates
originated from agriculture [8].
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These provisions have been transposed in the
Romanian legislation by the Government Decision
no. 964/2000 for approving the "Action Plan for
protection of waters against pollution caused by
nitrates from agricultural sources” [10].
Based on it, the list with the vulnerable areas
at nitrates pollution from agricultural sources
including the Fărcașa village have been achieved
[12].
Nevertheless, the Maramures County is
considered a region with a negligible risk for water
nitrates contamination [2]. Also, the Directive
2006/118/EC as amended by Directive 2014/80/EU
includes measures to protect groundwater against
pollution caused by nitrates and nitrites establishing
monitoring methodologies and quality standards on
groundwater pollutant concentrations, including
nitrates and nitrites [6, 5].
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The Directive provisions are transposed into
Romanian legislation by GD. 53 of 29 January 2009
approving the National Plan for the protection of
groundwater against pollution and deterioration [9].
The maximum allowed limit of the nitrate
content at European level is 50 mg L-1 and 0,5 mg L-
1 for nitrites NO2- [8]. Some institutes consider that
the maximum allowed limits for both nitrates and
nitrites should be more restrictive, thus: The World
Health Organization has proposed the same value
for nitrates of 50 mg·L-1 but 3 (0.2) mg·L-1 for
nitrites, Health Canada, 45 mg·L-1 for nitrates and
3.2 for mg·L-1 for nitrites and The United States
Environment Protection Agency, 45 mg·L-1 for
nitrates and 3.3 mg·L-1 for nitrites [17, 2].
The nitrates toxicity on the human body is
due to their reduction to nitrites that have a major
role in the hemoglobin (Hb) oxidation to
methemoglobin (metHb) which is incapable to
transport the oxygen to tissues [19]. When the
methemoglobin exceed 10% of the hemoglobin the
methemoglobinemia occurs. Its main
symptomatology is cyanosis and asphyxiation. The
newborns are the most susceptible to
methemoglobinemia because their fetal hemoglogin
is oxidized by the nitrites very quickly. On the other
hand, the newborns until 4 months do not have the
nicotinamide adenine dinucleotide (NADH)-
cytochromeb5-metHb reductase able to reduce the
metHb to Hb [19].
The current study reveals the exposure risk
rank to the nitrates and nitrites from wells water and
it could be a reference for other similar researches.
2. Material and Method
Characteristics of the investigated area
The Fărcașa area is situated in the south-
western of Maramures County and belongs to the
Someș hydrographic Basin (Fig.1).
The Fărcașa geomorfology is mostly
represented by plain and small hills and the soils
consist in luvosoils and eutricambosoils weekly
supplied with macro-elements which imposes a
supplementary fertilizing [16].
The runoff and percolation capacity, strongly
related to the soil features (the total water capacity,
the saturated hydraulic conductivity, the presence of
an impermeable horizon etc) characterizes the
groundwater body vulnerability to nitrates
contamination [16].
The depth of the groundwater varies
depending on the impermeable structures, since 1 -
2 meters in the floodplain to 4 - 5 meters in the
platforms.
On the slopes the groundwater depth exceeds
8-10 meters. The average of the annual rainfall is
about 700 mm/m2. The most abundant monthly
rainfalls appears in May and June and they decrease
in March and October when their average sum is
about 485.8 mm/m2 [16].
Even the Fărcașa village has a village has a
centralized drinking water, many households use
their wells for daily water needs [16].
Figure 1. Fărcașa locality, Maramures County
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2. Material and Method
The study was conducted by sampling drinking
water from 24 wells in the downstream of the
manure piles from the households in the Fărcașa
village. For each household, a statement was filled
with data referring to: the age of the wells, the
number of members who drink water from the wells
(regardless the ages), the residence period (years)
and the approximately volume of potable water
drunk by each member of the household.
The water sampling was made using glass
recipients of 500 ml, which prior were washed and
sterilized by autoclaving. Each recipient was packed
in a zipper plastic bag.
The water sampling was made with a bucket
with careful to not touch the well bottom or the
walls to avoid sediments collection. After unsealing
the recipient this was well washed with well water
and then filled with sampling water.
Each recipient was appropriate labeled and
put into the plastic bag and then put into a chest.
All water samples were transported to the
laboratory within 4 hours since sampling, where
they were subjected to analyses of the following
indicators: pH, nitrates and nitrites.
The water samples were analyzed in
accordance with the standards of analyzing methods
used at national level.
Thus, the pH was electrochemically
determined in accordance with the SR ISO
10523:2009 analyzing standard, using the WTW
Info Lab 730 type pH-meter [13]. The nitrates and
nitrites were analyzed by molecular absorption
spectrophotometry using the UV-VIS Agilent 8453
type spectrophotometer. The nitrates analysis was
made in accordance with the SR ISO 7809-3:2000 –
Water quality [15].
Determination of nitrate. Part 3:
Spectrometric method using sulfosalicylic acid. The
nitrites were determined in accordance with SR EN
26777:2002/C91:2006 [14].
The results were interpreted in correlation
with the values provided by the potable water Law
no. 458/2002 and the risk associated to the nitrates
and nitrites water contents was interpreted by the
Hazard Index (HI) (eq. 2) that is calculated based on
the Chronic Daily Intake (CDI) (eq. 1) [11, 3].
(1)
where:
CDI is the chronic daily intake (mg kg-1day-1)
C is the nitrate concentration in water (mg l-1)
Bw is the approximate body weight (kg).
HI = (2)
where:
CDI is the chronic daily intake (mg kg-1day-1)
RfD is the reference dose (mg kg-1day-1).
In this study RfD was considered 1.6 mg kg-
1day-1. The greater values than 1 indicate a potential
human health risk correlated with the reference
indicator concentration [18].
3. Results and Discussions
According to data in those 24 statements
29.17% of investigated wells are used over 25 years.
They supply water to 83 persons aged between 1
and 82 years, who drink about 1.75 l water/day and
have and average weight of 65 kg (Table 1).
Table 1 The centralized statement data
a. Age of the wells (years)
< 1 0
1 - 5 1
6 - 15 10
16 - 25 6
>25 7
b. Supplied people
Number of persons
0 - 2 10
3 - 5 13
6 - 9 1
> 10 0
Period of persons residence (years)
1 - 10 9
11 - 25 8
>25 7
As revealed by the Fig. 2, the pH value of the
24 water samples range between 6.64 ÷ 7.81 with an
average value of 7.22 ± 0.28 pH units and implicitly
between the lower and upper limits imposed by the
legislation on drinking water [11].
According to the equation 1, the CDI values
for nitrates range between 0.101 ÷ 0.816, with a
mean of 0.411 ± 0.191.
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The nitrates determined concentrations in
wells water are between 3.76 ÷ 30.3 with an average
value of 15.28 ± 7.08 mg NO3- l-1 (Fig. 3).
They are lower than the maximum allowed
value of 50 mg NO3- L-1 admitted by the European
and national legislation [7, 11].
The nitrite concentrations in the wells water
range between 0.011 ÷ 0.081 mg NO2- l-1 with a
mean of 0.041 ± 0.019 mg NO2- l-1 (Fig. 4). These
values are lower the maximum allowed value
provided by the European and national legislation
for nitrites of 0.50 mg NO2- L-1] [7, 11].
In accordance with equation1, the CDI for
nitrates range between 0.101 ÷ 0.816, with a mean
of 0.411 ± 0.191. Also, the HI values are less than 1,
the higher value being 0.510 with a mean of 0.257 ±
0.119.
Thus, the risk for human health related to the
nitrate concentrations in the investigated wells water
is acceptable.
Figure 2. The pH value of the water samples
Figure 3. The nitrate concentrations of the water samples
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Correlated with the equation 1, the CDI for
nitrites range between 0.101 ÷ 0.816, with a mean
0.411 ± 0.191. The HI values for the nitrites
concentrations are lower than 1, the highest value
being of 0.001, with a mean of 0.007 ± 0.003.
Therefore, the nitrites concentrations in the
investigated water wells do not pose any problems
for the water consumers.
4. Conclusions
Since the Fărcașa village is designated as
vulnerable to the nitrates pollution from agricultural
sources, a risk assessment of the exposure of
inhabitants to the nitrates and nitrites in the
household wells water is appropriate.
According to the results, the nitrates and
nitrites concentrations in the wells water are lower
than maximum allowable values admitted by the
European and national legislation and the hazard
index is lower than 1 for all water samples. These
results correlated with the data reported by the
National Health Institute according to which the
Maramures County has a negligible risk at nitrates
in potable water led to the conclusion that the health
risk associated with the wells water ingestion in
Fărcașa village is acceptable.
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